Longitudinal effects of thymidine analogues on mtDNA, mtRNA and multidrug resistance (MDR-1) induction in cultured cells.
HIV nucleoside reverse transcriptase inhibitors (NRTIs) can cause mitochondrial toxicity. In spite of several studies performed on cells, little is known about their long-term effects on mitochondrial DNA (mtDNA), mitochondrial gene expression (mtRNA) and cellular protective mechanisms that such exposure may trigger. Our aim was to investigate the longitudinal effects of two thymidine analogue NRTIs, zidovudine and stavudine, on human cells, measuring their effects on the levels of mtDNA, mtRNA and on induction of the multidrug resistance (MDR) gene MDR-1. K562 lymphoblastoid cells were treated for 74 days with zidovudine or stavudine concentrations corresponding to approximately 1x, 20x and 400x those measured in plasma. Samples were collected longitudinally and assayed for mtDNA, mtRNA and MDR-1 mRNA levels by real-time quantitative PCR. mtDNA deletions were investigated by long PCR. Upon exposure to both zidovudine and stavudine, an early dose-dependent and transient increase in mtDNA content was observed. This was followed by a concurrent and transient elevation in both mtRNA and MDR-1 mRNA levels. Interestingly, the increase in mtRNA was most pronounced at low concentrations, whereas that of MDR-1 expression occurred at the highest concentrations only. No mtDNA deletions were detected under any conditions. Cellular response to thymidine analogue NRTI exposure showed a complex, time- and dose-dependent pattern over time. We report for the first time that NRTIs can induce MDR-1 expression; however, this effect is delayed, possibly in response to oxidative damage or mitochondrial dysfunction. Our results indicate that longitudinal experiments may refine our knowledge about NRTI toxicity.